Due to its importance for organic agriculture, one of the most important agricultural production systems, various sources have been proposed to increase soil organic matter content. Vermicompost is one of those sources known as the resistant last form of farmyard manure which is degraded by earthworms. Soil organic matter or humus and their compounds are nutrient sources that increase physical, chemical and biological quality of soil. Humus and humus compounds improve soil physical, chemical and biological quality parameters increasing rhizosphere aeration and water holding capacity, rehabilitating soil structure, providing plant nutrients and constituting natural media for microorganisms with their regulative effects on soil reactions. In this study, the effects of vermicompost on yield and some growth parameters of lettuce were investigated. For this purpose, a random block designed experiment with 5 different applications was conducted in 3 replicates. The applications were control, vermicompost applications of 100 kg, 200 kg and 300 kg per decare and conventional fertilization. According to the results obtained, yield and growth parameters were improved by vermicompost application when compared to control and conventional fertilization. As a result of this study, it was concluded that 300 kg vermicompost/da is a promising application in lettuce production for optimal yield and soil improvement.
Introduction
The main objective of agricultural production is to obtain quality crops with optimal yields. This has a direct relation with inputs and methods of the production. Fertilization is one of the most significant factors determining yield and quality. Removal of nutrient deficiencies is achieved via fertilization. On the other hand, agricultural production is not only limited by nutrient deficiency, but also availability of the nutrients is another important factor in agricultural production. The use of organic matter provides significant advantages in obtaining quality crop and optimal yield by increasing availability of the nutrients (Reeves, 1997) .
Organic matter influences physical, chemical and biological properties of soil (Tejada et al., 2006) . Supplementation of soil with organic matterincreases aggregate formation. Consequently, soil aeration and water holding capacity improve. At the same time, organic matter plays important role in regulation of soil pH which improves the nutrient uptake. But still the most important impact of organic matter is its biological effects. Organic matter increases the population of the microorganisms which increases soil activity by regulating soil conditions. Because of the aforementioned effects, organic matter has been paid attention in various recent studies and vermicompost has taken its place in those studies as one of the most important organic matter supplementing agent.
Vermicompost significantly improves plant growth and development when applied even in small amounts and it is effectively used in both floriculture and horticulture (Arancon and Edwards, 2005) . Vermicompost not only makes plants healthy, qualified and productive, it also regulates plant development with humic acid and hormones. More importantly, it contributes in soil fertility and quality by increasing microbial activity and microbial biomass levels and also prevents destruction of soil borne pests and diseases. Vermicompost is defined as the final part of the organic matter which is resistant to mineralization (Kılıç et al., 1991) . Thus, the final part which is resistant to mineralization is obtained by deterioration of the organic matter and it is called as humus which has uttermost importance in fertilization. Humus compounds are quite effective in soil due to both its nutrient and also its humic and fulvic acid contents. Additionally, as a result of slow dissolution character of humus, its effect continues 2-3 years which allows longer fertilization period by preventing annual fertilization.
Lettuce, the most commonly consumed salad vegetable, is an annual winter crop which can be found in the market during whole year (Aybak, 2002) . Since its vegetation period is short and market demand is constant, lettuce production increases each year. On the other hand, cultivation practices especially fertilization and pest management must be performed carefully because lettuce is a leaf vegetable and consumed uncooked.
This study was conducted to observe the effects of vermicompost produced with California red worm on lettuce yield, soil parameters and some other plant properties.
Materials and Methods

Experimental Details and Treatments
Location of study area: The study was conducted in Inonu University Battalgazi Campus Research Area, Malatya, Turkey (35.54' and 39.03' North latitudes and 38.45' and 39.08' Eastern latitudes) . The altitude of the research area is 720 m above sea level.
Materials: Nissena F1, cos type head lettuce, cultivar were used as plant material. In terms of plant nutrition materials, commercial fertilizers and vermicompost produced from farmyard manure with California red worm were applied. Table 1 includes physical and chemical composition of the vermicompost used in the experiment.
Treatments: The experiment was conducted according to complete randomized block design with 5 different applications in 3 replicates. The applications were; 1) Control, 2) 100 kg vermicompost/da, 3) 200 kg vermicompost/da, 4) 300 kg vermicompost/da and 5) Conventional fertilization.
Control plants were not applied with any fertilizer throughout the vegetation period. For 2 nd , 3 rd and 4 th applications; different dosages of vermicompost applications were done at once before plantation of lettuce seedlings and no more fertilization were applied. Conventional fertilized parcels were applied with 12 kg/da N, 10 kg/da P2O5 and 18 kg/da K2O. Whole P and half of N and K were applied before plantation. The rest of N and K were applied one month after plantation (Şalk et al., 2008) . Lettuce seedlings were planted on 15 th of March 2015 and plants were harvested on 17 th of June 2015. Plant cultivation practices were done properly as required for relevant variety and conditions of growing season. It was noted that the growing season was a normal season for the area.
Parameters Examined in Soil Analyses
Texture (%) analysis was performed according to Bouyoucos Hydrometer method (Gee and Bouder, 1986) . Soil reaction (pH) was measured with glass electrode Neel pH meter from soil samples diluted to the rate of 1:2.5 with distilled water (Jackson, 1958) .
Electrical Conductivity (EC) (dSm/cm) was measured with EC meter from the soil samples diluted to the rate of 1:2.5 with distilled water (Richards, 1954) . Lime (% CaCO3) was measured by utilization of Scheibler calcimeter (Allison and Moodie, 1965) . Organic Matter (%) was determined according to dichromate oxidation principle with modified Walkley-Black method of wet decomposition (Walkley and Black, 1934) . Available Phosphorus (Olsen-P) (mg/kg) was obtained according to Olsen method after P in the solution was extracted with NaHO3 and measured with spectrometer (Olsen and Dean, 1965) .
Exchangeable Potassium (me/100g) was determined with flame photometric measurement performed on the soil samples rinsed and centrifuged 3 times with 1 N ammonium acetate (Knudsen et al., 1982) . Total and extractable Fe, Zn, Cu and Mn were determined by reading on ASS after filtering on whatman 42 filter paper with HNO3 and HCl acid mix (1:3 aqua regia) (Baker and Amacher, 1982) and diethylenetriaminepentaacetic acid (DTPA) solution (Lindsay and Norvell, 1978) .
Analyses of Plant Nutrient Contents
Total Nitrogen (N) was determined as total nitrogen in plant by utilization of Kjeldahl method (Chapman and Pratt, 1961) .
Total Phosphorus (P) analysis was performed on the solution obtained by dry combustion method from plant samples prepared for analysis by grinding after drying in stove. Results were measured in spectrophotometer with Vanado molibdo phosphoric yellow color method (Barton, 1948) . Total Potassium (K) was obtained after plant materials were extracted with 3 N HCl and were burned in muffule furnace and then K in the solutions was determined in flame photometry as described by Kacar (1995) . Micronutrients (Fe, Mn, Mg, Zn, Cu) was determined according to dry combustion method by the use of atomic absorption spectrometry (Plank, 1992; Kacar and İnal, 2008) .
Statistical Analyses
For statistical evaluation of obtained data, Duncan test were performed via SPSS 16.0 for Windows software. Variations and differences between different applications were analyzed at the 0.05 significance level. 
Results and Discussion
Inadequate level of organic matter is a limiting factor for growing most of the plant species because of the unique impacts of organic matter on soil. Organic matter improves physical properties of soil and so regulates formation of soil structure, volume-weight and soil pores, water holding capacity, cohesion and adhesion properties, capillarity, color and warm-up speed, permeability and contributes to water and wind erosion resistance. This way organic matter decreases soil volume weight, changes soil structure into granular form, increases soil water holding capacity, manages soil friableness and eases soil cultivation (Karaman et al., 2007) .
Together with those physical impacts, organic matter can be counted as a very important input with also its being the only natural N source, about 1/20 of its total weight is N (5-8%), and providing biological habitat for microorganisms (Kılıç et al., 1991) The results of soil characteristics and nutrients before plantation and after harvest are given in Table 2 and 3, respectively. When the results of soil analyses performed before plantation and after harvest were compared, some tendencies of increase and decreases were observed on the soil parameters especially on pH which showed tendency of decrease in such a short vegetation period. Salinity level is another important factor showed tendency of decrease after vermicompost application. While P, K and micro nutrient contents decreased because of plant uptake, there was a tendency of increase in organic matter level (Table 2 and 3) .
Nutrient contents of the harvested plants are given in Table 4 . The leaves of harvested 100 kg/da vermicompost applied plants were found as the highest in terms of K and Ca contents. In terms of Mg, Fe, Mn and Zn contents, 300 kg/da vermicompost applied plants were found significantly higher compared to other applications. The highest Cu content was obtained by 200 kg/da vermicompost application.
The results of yield and plant growing parameters after vermicompost application are given in Table 5 . Accordingly, in terms of head circumference and root collar diameter the differences between the applications were not found statistically significant (P>0.05). However, differences between applications for plant height were found statistically significant (P<0.05). 300 kg/da vermicompost applied lettuces had the highest plant height at the harvest. This was followed by the rest of the vermicompost applied plants in different dosages and the lowest plant height was found in the parcels where conventional fertilization was applied (Table 5) .
When yield values were statistically evaluated by Duncan's test in 0.05 significance level, 300 kg/da vermicompost applied parcels were found as the highest whereas control parcels were found as the lowest yielding parcel (Table 5 and Figure 1) .
Recent studies showed that increasing impact of vermicompost on plant growth is caused by its increasing humic acid content (Atiyeh et al., 2000a; Atiyeh et al., 2000b) . Plant growth regulators and symbiotic microorganisms (Atiyeh et al., 2002; Arancon et al, 2004) , growth hormones and other hormones are absorbed by humic acid during the process of vermicompost production (Edwards et al., 2006) . Supplementation of soil with vermicompost develops plant growth by increasing humic acid content and consequently increases plant growth hormones and other beneficial symbiotic microorganisms. Besides, it helps availability of plant nutrients by improving soil structure and microorganism activity and also this way increases plant growth and yield. 
Conclusions
As a result of this present study which was targeted to increase organic matter and available nutrient contents of soil, positive effects of vermicompost applications were observed in soil analyses and in lettuce growth and yield parameters examined in the experiment. It was concluded that vermicompost was an applicable and beneficial organic matter and nutrient source. According to our results, it was further concluded in an economical point of view that 300 kg/da vermicompost dosage gave the highest yield and improved most of the growth parameters in lettuce production. On the other hand, since lettuce is a leaf vegetable and so harvested in vegetative growth period, but P and K are rather used in generative period. Based on the soil analyses in the experiment, it was observed that vermicompost applications increased P and K contents. Therefore, the effects of vermicompost dosages on generative growth and consequently seed yield and quality attributes have to be evaluated in further research studies. 
